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Introduction 

Methylamine, CH3NH2, i s  a compound t h a t  may occur i n  the 

atmospheres of the Jovian planets. T h i s  compound is  of consider- 

able spectroscopic in t e re s t  because i t  contains both inversion 

and Internal rotatton. 

extensive infrared investigation o f  four isotopes of this compound 

i n  the gas phase using normal path lengths. 

- e t  A, a1 carried out  a normal coordinate analysis of t h i s  molecule 

and its isotopic derivatives us ing  the Urey-Bradley force f i e l d  

w i t h  a l e a s t  squares adjustment of the force constants t o  f i t  the 

observed vibrational frequencies of a l l  four available isotopic 

molecules. The only frequency which was uncertain i n  the assign- 

ment of Lord and Gray was the NH2 twist ing vibration, ~ 1 3 s  of A” 

species. Thus Crawford -- e t  a1.,2 gave zero weight t o  the tw i s t ing  

frequencies f o r  a l l  isotopes and compared this calculation t o  the 

observed frequencies. They were able then to  g ive  a modified 

Lord rnd Gray 1 hRWe carried out a very 

Recently Crawford, 
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assignment of the 

977 cm”; CH3ND2s 

cm” based on the 

Inspecti on 

NH2 twisting frequencies as follows: CH3NH2, 

744 cd ’ ;  CD3NH2, 1078 cm-’ and CD3ND2 a t  701 

normal coordinate calculation. 

of the recorded spectra of Lord and Gray shows 1 

no bands i n  the regions predicted for three out  of four compounds. 

B u t  as was pointed out by Crawford - e t  A S  a1 * the twisting frequencies 

- are  known t o  be 

studying s tab le  

weak. Mann -- e t  have shown the usefulness of 
compounds by the matrix isolat ion technique. 4 

\ 
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3 They have shown the s im i la r i t y  o f  the gas phase spectrum t o  the 

matr ix spectrum and how i t  i s  possible t o  el iminate dif ference 

bands. Thus, i t  was hoped that  an invest igat ion o f  the four  

isotop ic  species i n  the matrix a t  l i q u i d  hydrogen temperature 

could confirm o r  r e j e c t  the normal coordinate assignments. 

could also give a f i r m  foot ing f o r  assigning the NH2 tw is t ing  

frequencies i n hydrazi ne and other primary ami nes . 

It 

Vibrational Spectrum o f  M a t r i x  Iso la ted CH3NH2 

As a continuation o f  our studies on methylamine, most o f  

our t i m e  thus f a r  has been devoted t o  perfect ing experimental 

conditions such as deposition rates, times, amounts and sampling 

techniques, etc. Also i t  seems t o  make a considerable amount of 

dif ference which matr ix material i s  used f o r  iso la t ion.  O f  the 
/ 

two matrix materials (N2 and A r )  thus f a r  used, nitrogen gives 

be t te r  resu l ts  wi th  smaller band widths and sharper band centers. 

As an example o f  the re la t i ve l y  d ras t ic  changes encountered on 

changing the i so la t i on  matr ix material, the two strongest bands 

i n  the spectrum o f  CH3NH2 i n  a 1:450 mole r a t i o  w i th  NE occur a t  

816 and 841 cm'l with the higher frequency band being by f a r  the 

weakest of the two. However, i n  the spectrum o f  CH3NH2 i n  a 1:450 

mole r a t i o  w i th  Ar, these two bands occur a t  790 and 797 cm-' w i th  

the lower frequency band now being the weakest. 

Our best spectra t o  date have been recorded us,ing a deposition 

ra te  of 60 VM o f  matr ix sample per minute. Other workers advise 
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slower rates  o f  20 t o  30 uM per minute which cannot be achieved 

w i t h  our present cryogenics apparatus; however, we are now i n  the 

process of modifying this apparatus i n  order t o  allow longer 

running  times t h u s  slower deposition rates. Due t o  the high cost  

of the deuterated samples of methylamine, i t  is necessary to  work 

out a l l  the experimental d i f f icu l t ies  before attempting t o  record 

their spectra. 

We have recorded the matrix spectrum of CH3NH2 i n  1:3000 

and I :450 mole ra t ios  w i t h  Ar as the matrix gas and i n  1 :200, 1 :300, 

1:450, 1:600, and 1:900 mole ratios w i t h  N2 as the matrix gas. 

A l l  samples were deposited i n  an Air Products Cryostat maintained 

a t  l iquid hydrogen temperatures and the spectra recorded between 

250 and 4000 cm'l using a Perkin Elmer Model 521 Spectrophotometer. 

Sample spectra a re  enclosed (See Figures 1-3) and the observed 

frequencies along w i t h  tentative assignments are shown i n  Table I. 
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I n f r a r e d  Spectrum 0 

Band -1 
Centers  (cm ) 

3725 

3690 (sh) 

3390 (bd)  

3343 (bd)  

3280 (bd) 

2986 

2978 (sh) 

2964 

2958 

2950 (sh) 

2933 

2928 

291 3 

2895 

2874 

281 6 

2787 

1645 (bd)  

1600 

1483 

1464 

,/ 
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Table  I 

, . , d t r i x  I so l a t eL  CH, 
w 

Re1 a t i  ve 
I n t e n s i t y  

S 

w 
W 

w 

S 

w 

Y 

P 

(N2 : CH3NH2-450: 1 )* 

T e n t a t i v e  Assignments 

H20 s t r e t c h i n g  mode 

v1 and V , ~ - N H *  s t r e t c h i n g  modes 

and poss ib ly  f irst  overtone o f  v4 

and vll-CH3 s t r e t c h i n g  modes '2 "3 
coupled i n  Fermi resonance w i t h  

v5 and v6 

N H 2  deformation "4- 
H20-bending mode 

M 

S 

v5 and v6-CH3 symmetric deformations 
i 
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-- 

Band -1 
Centers (an ) 

1340 (bd) 

1744 

1050 

84 1 

81 6 

793 

71 5 

-9- 

Table I (continued) 

Infrared Spectrum of Matrix Is01 ated CH3NH2(N2:CH3NH2-450: 1 )* 

Re1 a t i  ve 
Intensity 

W 

MS 

MS' 

S 

vs 
W 

W 

388 VW 

374 

300 

VbI 

S 

Tentative Assignments 

polymer band 

CH wagging mode 

C-N stretching mode 
v7- 3 

v8- 

N H  wagging mode v9- 2 

NH tor t ion '15- 2 

Abbreviations: M ,  medium; S, s t rong ;  W ,  weak; MS, medium strong; VS, very s t rong  
VW, very weak; s h ,  shoulder; bd, broad. 

*Band Centers listed i n  this table  are taken from the 450:l; N2:CH3NH2 spectrum and 
are  obviously n o t  those observed f o r  the 200:l and 9OO:l mole ra t ios  i n  a l l  cases. 

i 
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very weak as expected (N-H stretching vibrations a re  usually weak). 

However, the contour of these bands clear ly  points t o  the proba- 

b i l i t y  tha t  there i s  st i l l  an appreciable amount of N---H-N type 

hydrogen bonding even a t  mole ra t ios  as h i g h  as 1:900. I t  i s  

doubtful t ha t  we shall  be able to  eliminate this complicating 

feature,  b u t  i t  is of re la t ively l i t t l e  importance to  a correct 

assignment of the mat r ix  spectrum. In the 2900 cm-’ region, one 

expects t o  f i n d  three C-H stretching vibrations, and there are  

twelve bands observed i n  t h i s  region. Lord and Gray,’ a f t e r  

observing unusually complicated gas phase structure i n  this region, 

poin ted  out the probability t h a t  this region was complicated by 

Fermi resonance of the -CH3 deformation overtones w i t h  the -CH3 

stretching fundamentals. Our matrix spectrum very clear ly  shows 

tha t  this is indeed the case. 

The CH3 and NH2 deformational region is  quite readily 

assigned. We assign the N-H deformation to  the relat ively broad 

band a t  1645 cm-1. Again the broadness of this band is evidence 

of N---H-N hydrogen bonding. The strong sharp absorption a t  1600 

an” arises from the H20 bending mode of the water impurity. The 

character is t ic  H20 stretching mode is also seen a t  3725 cm”. The 

two symmetric CH3 deformations a re  assigned t o  the bands a t  1464 

and 1483 cm-’* We do not observe any other bands i n  this region 

\ 
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which could be assigned to  the antisymmetric CH, deformation of 

species A". A similar resul t  was also concluded by Lord and Gray. 

The A" CH3 wagging and the C-N stretching modes w7 and v8  a re  also 

qui te  readily assigned respectively t o  the bands a t  1140 and 1050 
-1 cm . The (A") CH3 wagging mode ~ 1 4  is not observed. 

- 

Lord and Gray 1 have assigned the -NH2 wagging mode f o r  CH3NH2 

a t  780 cm-'. 

branch and rather  complicated s t ructure  i n  the R and P branches and 

was therefore probably a hybrid band. 

They s ta ted t h a t  this band had a s t r o n g  central Q 

In a l l  of our CH3NH2:N2 

matrix spectra we f i n d  two strong bands a t  816 and 841 cm-'. As 

s ta ted before, these two bands shift  t o  790 and 797 cm-' w i t h  a 

reversal i n  t h e i r  re la t ive  intensity i n  an Argon matrix. 

A first thought would be t o  ra t ional ize  these two bands 

by considering inversion doubling. They are sp l i t  by a reason- 

able amount, b u t  t he i r  intensi t ies  are  f a r  from being equal as 

one would expect fo r  inversion doubling. Also, Pimentel e t  a l . ,  5 -- 
have shown tha t  the inversion doubling i n  ammonia i s  quenched i n  

a N2-matrix a t  20°K. 

t o  believe tha t  i t  would not also be quenched i n  CH3NH2 under the 

same conditions. Another possibi l i ty  is tha t  the missing NH2 

t w i s t i n g  vibration of s y m t r y  species A" is represented by one 

of these bands. The intensi ty  o f  even the weaker of these two 

bands provides strong evidence against the above assumption. A 

t h i r d  possibi l i ty  is  tha t  the weaker of the two bands a r i ses  from 

some dimeric or  polymeric species i n  the matrix b u t  we have no 

There i s  no evidence which would lead us 

\ 
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conclusive evidence t o  confirm this assumption a t  present. 

than speculate further on the assignment of these bands, we feel  

Rather 

t h a t  the additional data from the matrix spectra o f  CD3NH2 and CD3ND2 

will  provide the necessary information need t o  correctly in te rpre t  

the results and this interpretation will be given i n  the next 

progress report. 

We have no explanation as ye t  f o r  the two weak bands a t  

715 and 763 cm-l. The strong band a t  about 300 cm-I has been 

tentatively assigned as the tortional osci l la t ion.  Lord and Gray 1 
calculated this band t o  be 264 cm-’ and Hadni 6 supposedly observed 

an absorption maximum a t  269.5 cm‘l. However, i t  i s  reasonable 

tha t  the N2-cage would restrict this osci l la t ion producing a - 
h ighe r  internal rotational barrier,  t h u s  causing a larger s p l i t t i n g  

between energy levels.  

S o l i d  Phase Spectra of CH3NH2, CD3NH2,  CD3ND2 

S o l i d  phase spectra of  CH3NH2, CD3NH2, and CD3ND2 have been 

recorded a t  l i q u i d  nitrogen temperature u s i n g  a cold ce l l  s imilar  

t o  tha t  o f  Wagner and H ~ r n i g . ~  A l l  spectra were recorded on a 

Perkin-Elmer 521 Spectrophotometer. Table I1 l is ts  the observed 

frequencies w i t h  tentative assignments. 

supplement the matrix phase spectra and aid i n  making correct 

The data will be used t o  

assignments fo r  these molecules. A more complete interpretat ion 

of the data will be given i n  the next technical report. 
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Fut!ire Work 

W i t h  the cryostat  s e t  up f o r  continuous operation f o r  

periods of twenty or  t h i r ty  hours the matrix spectra of CD3ND2 

and CD3NH2 will be recorded. 

bands w i l l  be given and i t  is  hoped tha t  a rough d ra f t  of a 

Interpretation of the observed 

paper will be ready by the next reporting date. 

isolat ion spectrum of N2D4 will be s tudied  and analysis of the 

resul ts  w i l l  be attempted. Mork on other molecules which could 

possibly be consti tuents of the Jovian atmospheres w i  11 be 

i n i t i a t ed  if  time permits. 
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